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ABSTRACT
The effect of the mixed liquor suspended solids concentration 
on the treatment of dairy wastes by the activated sludge process was 
investigated to provide original and basic information of value to the 
waste water treatment field.
The studies were conducted using a continuous flow activated 
sludge laboratory unit. Two different synthetic dairy waste systems 
were used in this investigation, the 0.05 Percent Skim Milk Waste 
System and the 0.1 Percent Skim Milk Waste System. These wastes pro­
vided BOD loadings of 43.9 and 91.1 lb. BOD per day per 1000 cu. ft., 
respectively, at the 12 hour detention period employed. Mixed liquor 
suspended solids concentrations in the range of 500 to 3000 mg/l were 
studied.
The chemical oxygen demand and suspended solids determinations 
were the primary parameters used in these studies, but additional in- 
formation was obtained using the biochemical oxygen demand, sludge 
volume index and pH determinations.
It was found that the mixed liquor suspended solids significantly 
affected the treatment of the dairy wastes by the activated sludge 
process, especially under conditions of plant overloading. The treat- 
ment efficiency increased and the operation improved when the higher 
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I , INTRODUCTION
A, THE DAIRY INDUSTRY AND ITS WASTES
The function of the ever-growing dairy industry in the United 
States is to collect raw milk from the dairy farms, process and distri­
bute the milk and dairy products to the consumers in a sanitary and 
economical manner, with a minimum of spoilage and waste. The particular 
difficulties associated with this industry are the wide dispersion of the 
raw materials, the perishable nature of the dairy products, the wide 
seasonal variation in production, the high sanitary requirements that 
have been set for milk and dairy products and the variety of by-products 
and wastes.
The wastes from the dairy plants originate from the various 
handling and processing operations and generally consist of dilutions of 
whole milk, skim milk, buttermilk, whey, rinsings and washings, and 
process cooling waters. Common sources of organic wastes are the 
washings and rinsings from cans, bottles, equipment and floors; the 
spillage or overflow caused by leaky or inefficient equipment and care­
less operation; the entrainment from condensing; excess milk, buttermilk 
and whey; and spoiled raw and manufactured products (1). In addition, 
inorganic solids, such as sand and gravel, are washed into the sewers 
during the daily clean-up operations (2).
Waste prevention should be the first consideration in solving a 
dairy wastes problem. This may be accomplished through recovery of use­
ful by-products and segregation of strong and weak wastes. When properly 
executed, a waste saving program in a dairy can be effective in reducing 
the pollutional load produced by the plant.
2Bo TREATMENT OF DAIRY WASTES
Dairy wastes are easily metabolized biologically (3, pg. 180) and 
may therefore be discharged into a municipal sewerage system if sufficient 
capacity is available at the treatment plant. However, many dairies are 
found in small farming communities and do not have the benefit of 
municipal sewage treatment facilities. These plants require a treatment 
system that is capable of handling nearly 100 percent milk wastes (4).
In addition, to prevent stream pollution from the increasing dairy farm 
wastes a small-scale treatment unit is required to treat these wastes on 
the farm.
- The major methods that have been used successfully to treat dairy 
wastes include (5) irrigation methods; standard and high rate trickling 
filters; activated sludge; and other forced aeration methods. According 
to the U 0 S. Public Health Service (6) the activated sludge process is 
capable of 90 to 95 percent removals in the biochemical oxygen demand of 
the waste. It should be noted that recent research investigations (7) 
have established that the addition of sanitary sewage to the dairy waste 
is beneficial when the activated sludge treatment process is employed.
This finding is contrary to what was previously considered good 
practice (8)•
C . THE PROBLEM
A careful search of the existing literature in the area of the 
treatment of dairy wastes ahd in particular the activated sludge process, 
revealed that much information is available on the operation of dairy 
wastes treatment plants. Further, that the need for treatment of these 
wastes is ever-increasing as emphasized by the active interest of the
3United States Public Health Service (6). However, a lack of information 
was evident on the effect of mixed liquor suspended solids concentrations 
on the operation and effectiveness of dairy waste treatment plants.
Mixed liquor suspended solids are important in the activated sludge 
process, especially when shock loadings are anticipated. Shock loads can 
originate in the dairy plants and may result from accidental spills or 
discharge of spoiled products into the wastes collection system.
Therefore, it was the purpose of this investigation to determine 
the effect of mixed liquor suspended solids concentration on the treat­
ment of dairy wastes by the activated sludge process. Experiments were 
carried out under controlled conditions closely simulating those existing 
in practice. In the first phase of the investigation the recommended 
BOD loadings for conventional activated sludge plants were employed to 
provide basic information applicable to routine plant operation. In 
the second phase of the studies heavy BOD loadings were applied to 
ascertain the effect of the mixed liquor suspended solids concentration 
on maintaining treatment efficiency under continued overload conditions.
The investigations were conducted at room temperature using a 
specially designed continuous flow activated sludge laboratory unit.
Two synthetic wastes were used in the studies. These wastes consisted 
of skim milk solids, sewage and tap water, and had COD values of 444 and 
1023 mg/1, respectively. The chemical oxygen demand (COD) and the 
suspended solids determinations were the main parameters that were used 
in this investigation. Additional information of value was obtained by 
means of biochemical oxygen demand, sludge volume index, and pH values
determinations.
4In conclusion, it was the purpose of this investigation to 
ascertain the effect of mixed liquor suspended solids concentration on 
the treatment of dairy wastes and to provide original and basic in­
formation of value to the field of sanitary engineering.
5II. LITERATURE REVIEW
A comprehensive search of the literature pertaining to the bio­
logical treatment of dairy wastes was undertaken to determine the work 
previously done on the application of the activated sludge process and 
in particular on the effect of the mixed liquor suspended solids concen­
tration, This work was extended to include general information of value 
on the activated sludge process of waste treatment.
The literature review has been divided into three parts as follows 
(a) The Activated Sludge Process, (b) Biological Treatment of Dairy 
Wastes, and (c) Conclusions.
A. THE ACTIVATED SLUDGE PROCESS
The activated sludge process for the treatment of waste waters was 
developed through attempts to purify domestic wastes by aeration (9)•
The first processes were variations of plain aeration, a method which 
sought to oxidize the wastes directly. It was not until the twentieth 
century that the concept of a biological floe to aid in the oxidation of 
wastes was discovered.
The activated sludge process has been extensively developed and 
refined in over 40 years of application. Originally used for the treat­
ment of municipal sewage, the process is now capable of treating a wide 
variety of industrial wastes, including refinery, pulp and paper, 
metallic plating, chemical, cannery, coke plant, brewery and dairy wastes
1. History.
According to Arden et al (9), one of the first known indirect 
applications of the activated sludge process was in 1886, when Hartland
6patented an aeration chamber for the purification of sewage effluents.
In 1892, Lowiack conducted experiments on the aeration of filter beds by 
a forced air supply. Also in 1892, Mason and Hive published the results 
of their research investigations on the aeration of a mixture of sewage 
and water. They concluded that the aeration had only a slight oxidation 
effect on the mixture.
Arden and Lockett (9) conducted experiments in 1913 on the 
aeration of the raw sewage from the city of Manchester, England. Through 
these experiments they discovered the principle of a biological floe to 
aid in the treatment of wastes. The authors called this biological floe 
"activated sludge", the name by which it is still known.
2 . Process Variations.
In conventional applications of the activated sludge wastes treat­
ment process, the waste is mixed and aerated with a flocculent biological 
sludge in an aeration tank. Treatment is accomplished through adsorption 
of the wastes onto the biological sludge, with subsequent oxidation and 
degradation by the microorganisms in the sludge. Treatment may be 
accomplished in either a continuous flow or a fill-and-draw operation 
(10).
Sawyer (11) recently reviewed the main methods under which the 
activated sludge wastes treatment process may operate. These are:
(a) The conventional process, (b) Step aeration, (c) High rate process, 
(d) Kraus process and (e) Biosorption. The factors indicated by Sawyer 
to be most significant are: (a) The influent loadings permitted, (b) The 
mixed liquor suspended solids concentration, (c) The required detention 
time, and (d) The percent BOD removal.
7The conventional process (11) operates with influent waste loadings 
up to about 35 lb. BOD per day per 1000 cu. ft. of aeration tank capacity. 
The mixed liquor suspended solids are held at a concentration of 2000 mg/1, 
and the detention time may vary from 4 to 8 hours. The conventional 
process is capable of BOD removals ranging between 90 and 95 percent or 
more.
In the step aeration process (11), developed in 1929, loadings 
are permitted up to 50 lb. BOD per day per 1000 cu. ft. of aeration tank 
capacity and the mixed liquor suspended solids are maintained at an 
average of 2000 mg/1. The detention time varies from 3 to 5 hours and 
the BOD removals range from 87 to 97 percent. This process provides for 
a reaeration of the return sludge to renew its adsorbing capacity, and 
for feeding of the sewage in a stepwise manner.
The high rate process (11) was developed in 1943, and has been 
operated at loadings of 103 lb. BOD per day per 1000 cu. ft. Mixed 
liquor suspended solids concentrations of 650 mg/1 are maintained in 
this process. The detention time may vary from 2 to 3 hours, and the 
BOD removals are approximately 70 percent. The high rate process does 
not produce highly treated effluents and may be used when such effluents 
are not needed. It depends on maintaining the microorganisms in the 
sludge at their logarithmic phase of growth where they are most active.
In the Kraus process (11), developed in 1945, loadings are per­
mitted up to 170 lb. BOD per day per 1000 cu. ft. of aeration tank 
capacity, with the concentration of the mixed liquor suspended solids 
maintained at about 1000 to 3000 mg/1. The detention time ranges from 
1 to 2 hours, and the BOD removals are 86 to 90 percent. The Kraus pro­
cess involves a separate aeration of a mixture of digestion tank
8supernatant, digested sludge and some activated sludge to produce a 
well-nitrified mixture with solids of good settling ability. The 
addition of this mixture to the return activated sludge serves to weight 
the sludge and provides a reserve source of oxygen in the form of the 
nitrates present.
The bisorption process (11) is the most recently (1951) developed 
process, and has operated at loadings of 140 lb. BOD per day per 1000 cu. 
ft., with mixed liquor suspended solids concentrations carried at 3000 
to 4000 mg/1. Short detention times of 20 to 40 minutes are applied but 
the BOD removals remain in the range of 90 to 95 percent. It should be 
noted’that this process employs a system of sludge reaeration to restore 
high purification capacity.
Bo BIOLOGICAL TREATMENT OF DAIRY WASTES
The treatment of dairy wastes by the activated sludge process is 
now an established practice. According to Eldridge (12, pg. 31), dairy 
wastes may vary widely in strength and composition, and are amenable to 
biological treatment methods such as the activated sludge process.
In a review of the various methods of dairy waste treatment, 
Trebler and Harding (4) state that "dairy wastes are...the easiest wastes 
to treat by biological methods since milk and milk products are Nature's 
most perfect food for man and for a large number of animals and 
microorganisms.” Methods of dairy waste treatment which have been used 
include (4) limited disposal into ponds and lakes, irrigation methods, 
trickling filters, and aeration methods. Backmeyer (13) reported on the 
use of chemical coagulants to partially treat whey wastes before dis­
charging them into municipal sewers.
9The literature pertaining to dairy wastes treatment by aeration 
methods is extensive, and has been divided into three parts: (a) Acti­
vated Sludge Practice, (b) Effect of Shock Loading, and (c) Previous 
Research Investigations.
1. Activated Sludge Practice.
Xhe treatment of dairy wastes by the activated sludge process 
dates essentially to 1935 (14), when a conventional process plant was 
used to treat the New Brennan, Ohio dairy effluent. After four years 
of operation the plant was reporting BOD removals of 98.7 percent, and 
has remained in successful operation up to the present time. No 
operational data was reported.
Hauer (15) has written on activated sludge treatment of dairy 
wastes using a continuous flow process with complete sludge oxidation, 
and presented the operating parameters of two activated sludge plants 
which were investigated. The BOD values of the dairy effluent ranged 
from 936 to 1100 mg/1, and the detention period used in treating these 
wastes was 24 hours. The BOD reductions that were obtained averaged 
from 75 to 85 percent in one plant, and 85 to 97 percent in the other.
The report was primarily concerned with aeration data, and information 
on mixed liquor suspended solids was not presented. It was concluded 
that BOD reductions approaching 97 percent may be obtained with the 
use of as little as 0.6 cfm of air per pound of influent BOD per day.
The design of small milk waste treatment plants was the subject of
an article by Horton and Trebler (16) . Their conclusions were as follows
"It has been found possible to build dairy waste 
treatment plants consisting essentially only of an 
aeration tank and a small final settling tank.
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These plants operate satisfactorily with very little 
maintenance. The air supply to them may be as little 
as 0.5 cfm per lb. BOD per day .,f
Treatment in these small plants (16) was by the continuous flow 
process. Xt was found necessary to provide mechanical sludge removal in 
the sedimentation basin. Complete oxidation of sludge was used and mixed 
liquor suspended solids data was not reported.
According to Thayer (17) the general requirements for small dairy 
wastes treatment plants are: (a) Low in first cost, (b) Simple to 
operate, (c) Free from odor and nuisance, and (d) Providing a high 
degree of treatment. In the same article (17) Thayer also reported on a 
small activated sludge treatment plant which consisted of two aeration 
units in series and operated on the continuous flow principle with com­
plete sludge oxidation. A 36 hour detention period was used to treat 
the waste which had a 5-day BOD of 567 mg/1. A similar plant for which 
comparative data was presented had an influent BOD of 926 mg/1. In 
both plants BOD removals of 97 percent were obtained. Thayer also 
suggested that when the waste strength is not known, a design should 
allow for 600 mg/1 BOD when treating dairy effluents.
Schulze (18) reported on aeration parameters in an article dis­
cussing the treatment of cheese wastes by a mechanically aerated acti­
vated sludge plant. The strength of the cheese plant effluent varied 
from 750 to 2750 mg/1 BOD. It was shown that the degree of treatment 
was dependent upon the detention period. Using a two-stage aeration 
system, a 98 percent BOD removal was accomplished within 15 hours. The 
excess sludge produced was not returned to the system, but was disposed 
of on sludge drying beds.
11
Jasewicz and Porges (7) discussed the treatment of whey wastes by 
activated sludge. They found that the sludge which was produced using 
this waste was not capable of endogenous respiration and had to be dis­
posed of by drying. Jasewicz and Porges concluded that cheese-making 
removed some of the nutrients required for sludge autolysis, and con­
tinued their investigations to determine the effects of feeding supple­
mental nitrogen to aid the endogenous respiration.
Hasfurther and Klassen (19) reported on the activated sludge 
treatment of dairy wastes in a plant having an average influent BOD of 
920 mg/1. The mixed liquor suspended solids were held at 3500 to 4000 
mg/1. The continuous flow process was used and a detention time of 16 
to 23 hours was provided. Under these conditions, a 96 to 97 percent 
BOD removal was obtained. However, when the sludge solids were allowed 
to grow to 5000 mg/1, the BOD removals dropped to 54 to 89 percent, and 
the effluent was turbid. A minimum of 0.7 cfm of air per lb. BOD per 
day was necessary to provide adequate treatment. The average loading 
of the unit was 40 lb. BOD per day per 1000 cu. ft. of aeration unit 
capacity.
Thayer (20) described the design procedure used for an activated 
sludge plant to treat dairy wastes. The plant was designed for an in­
fluent BOD of 600 mg/1, a detention time of 36 hours, and an aeration 
rate of 3.5 cfm air per lb. BOD per day. The continuous flow activated 
sludge process was used, with complete oxidation of excess sludge pro­
duced. An aerated holding tank was incorporated in the plant to equalize 
the influent strength. The unit was designed for a loading of 40 lb.
BOD per day per 1000 cu. ft. of aeration tank capacity. Aeration re­
quirements were the primary interest of the author, and no data was pre­
sented on mixed liquor suspended solids concentration.
12
Kountz (21) discussed the operation of a pilot plant designed for 
the treatment of dairy wastes. The normal influent BOD was 950 mg/1, but 
increased up to 10,000 to 15,000 mg/1 when whey wastes were discharged. 
Fill-and-draw operation was employed and a 14 hour detention period was 
provided. An average BOD removal of 90 percent was obtained. Excess 
sludge was produced and was periodically removed. The pH of the mixed 
liquor varied between 7.0 and 7.6. The plant was designed so that con­
version to a continuous flow plant with a maximum of 36 hours detention 
was possible.
2. Effect of Shock Loading.
A feature that is necessary for the successful operation of acti­
vated sludge plants is their ability to withstand shock loadings. 
According to Eldridge (12, pg. 31) a major source of potentially strong 
shock loads is milk products that have become spoiled usually due to pro­
longed power failures, equipment breakdown, and lack of adequate cold 
storage facilities. Thayer (20) recommended the use of aerated holding 
tanks for whey. Several reports found in the literature on the effects 
of shock loadings and the procedures used to recover normal plant 
operation are presented below.
Backmeyer (13) reported the effects of a whey shock load on the 
operation of an activated sludge plant. A 60 to 100 percent overload was 
effected within 4 hours following the discharge of 25,000 pounds of whey 
having a BOD of 32,000 mg/l. This resulted in a loss of clarification, 
a reduction of dissolved oxygen to less than 2 mg/1, an increase of 
effluent BOD, and a 100 percent increase in air requirements. It should 
be noted that the usual daily discharge of whey had already increased
13
the air requirements, and reduced the BOD removals from 93 to 85 percent. 
During the two week period following the shock load, the sludge volume 
index was approximately twice that of normal treatment conditions. The 
color of the sludge changed from chocolate brown to slate gray. It may 
be mentioned that Porges et al (32) have reported that a pinkish colored 
sludge developed under normal conditions in an activated sludge plant 
treating primarily dairy wastes.
Jasewicz and Porges (7) indicated the value of nitrogen supple­
mentation in correcting the conditions resulting from shock loadings of 
activated sludge plants by whey wastes having BOD's of 700 to 5000 mg/1. 
The immediate effects of an accidental discharge of whey to the treatment 
unit were excessive.foaming and incomplete oxidation of sugars. The 
addition of nitrogen in the form of ammonium sulfate permitted the 
treatment operations to proceed. The amount of nitrogen added was 
sufficient to give a COD to nitrogen ratio of 17 to 1, not including the 
nitrogen of the whey and of the seed sludge.
Gault (23) reported the effects of a condensed milk shock load to 
an activated sludge plant treating municipal wastes. The plant received 
notice of the milk spill and immediately increased the sludge return and 
aeration rates. When the milk reached the plant, its strength was in 
excess of 37,000 mg/1 BOD. By wasting the light sludge produced by this 
milk, normal plant operation was regained in 5 days.
3. Previous Research Investigations.
Research on the treatment of dairy wastes by activated sludge has 
been concentrated on the most fundamental and basic principles of the 
process. Each investigation contributed information that could either be
14
used directly in plant design, or serve as a basis for future studies. 
These investigations have been generally assembled in a chronological 
order to show how the basic knowledge on the subject evolved.
An aarl'yj article by Porges and Hoover (24) served to stimulate 
interest on the subject of dairy waste treatment by aeration methods. A
0.1 percent solution of dry skim milk was used in this investigation, 
which was undertaken to consider appropriate parameters for future 
studies. According to these investigators, the 0.1 percent skim milk 
solution approximated the effluent of a dairy plant conducting good 
housekeeping and contained 270 mg/1 protein, 530 mg/1 lactose, and 880 
mg/1 organic solids. Also, the BOD and COD determinations were found 
useful parameters for the study of dairy wastes treatment.
Hoover et al (25) investigated the use of aeration as a method 
for partial treatment of dairy wastes using a fill-and-draw unit. 
Solutions of 1.0 and 0.1 percent skim milk and 1.0 percent whey were 
used to simulate dairy plant wastes. The tests were run at 30°C. and 
the wastes were fed over a period of 4 hours to approximate dairy plant 
operation. Reductions of 50 to 60 percent COD and 75 percent BOD were 
measured with all three wastes.
Hoover and Porges (26) continued their laboratory investigations 
on the degradation of dairy wastes under controlled temperature and 
aeration, using a continuous flow unit. The 0.1 percent skim milk 
solution was again used to simulate dairy wastes and had a COD value of 
1000 mg/1. The detention time employed in these studies ranged from 9 to 
20 hours. The authors concluded from these experiments that 45 to 48 
percent of the organic nutrients were assimilated into cell substance 
and 50 percent was oxidized to provide energy for growth. Possible
15
applications of this study to sanitary engineering were discussed but 
data was not presented on mixed liquor suspended solids.
Similar investigations (27) were undertaken to determine the rates 
of oxidation and assimilation of a 0.1 percent skim milk waste using the 
Warburg apparatus• Data was collected at 2 hour intervals for a 6 hour 
period. The temperature was held constant at 30°C. It was found that 
the waste underwent complete treatment in the 6 hour period. Further, 
that 60 percent of it was assimilated into cell tissue and 40 percent was 
completely oxidized to carbon dioxide and water.
Hoover and Porges (28) have also presented equations illustrating 
the composition of the sludge bacterial cells and their synthesis from 
lactose, casein, and skim milk solids. The following equation was given 
for the production of cell material from skim milk solids,
8(CH20) + CgH12N203 + 602-- + 6C02 + 7H20
(lactose) (casein) (cells)
and the equation for endogenous respiration was:
C5H7N02 + 502 ----*-5C02 + NH3 + 2H20
(cells)
It should be noted that the authors have omitted phosphorus and sulfur 
from the casein formula because they are present at a small concentration 
(0.8 percent each). Also, that (CH20) was used for lactose due to the 
recurring HCOH structure in the compound. It may be pointed out that 
the concentration of the skim milk solids ranged from 0 to 1000 mg/1, the 
temperature was maintained at 30°C., and the mixed liquor suspended 
solids concentration varied from 500 to 2500 mg/1 in these investigations.
Additional studies on the endogenous respiration of activated 
sludge were undertaken by Hoover et al (29). It was considered that, if
16
this respiration proceeded at a great enough rate, the cells could 
oxidize their own tissue and keep the treatment system in balance while 
the wastes were being assimilated and new cells were being produced. 
Theirateoof endogenous respiration was found to be low. Thus, the sludge 
produced by the oxidation of 1000 mg/1 skim milk solids consumed 3 to 4 
mg/1 oxygen per hour. The same culture in the active-growth phase con­
sumed oxygen at the rate of 40 to 45 mg/1 per hour. Data was collected 
for periods of 20 to 50 hours using 500 ml flasks containing 75 mg/1 
activated sludge suspended solids. It was concluded by the authors (29) 
that the 10-fold difference in these oxygen consumption rates could be 
an important factor in the operation of existing plants and in the design 
of new treatment units.
Porges et al (30) attempted to correlate sludge activity in an 
activated sludge unit with the amount of carbon dioxide produced by the 
sludge. A special apparatus was developed for the measurement of carbon 
dioxide. They measured the carbon dioxide evolution from varying mix­
tures of settled activated sludge, sewage, water, and glucose. The 
total volume that was aerated in each test was 500 ml and the tests were 
run for 5 hours. It was shown that the amount of feed required and the 
value of supplemental nutrients could be determined by analyzing the 
carbon dioxide formed from respiration.
The biochemical oxidation of dairy wastes with activated sludge 
was further investigated by Porges et al (31) . Of particular interest 
was the purification, oxidation, synthesis and storage of organic 
material by activated sludge. A 0.1 percent skim milk synthetic waste 
was employed. The COD determination was used extensively in observing
17
the degradation and assimilation of the waste. It was concluded that 
the rapid purification of the waste by the activated sludge, as illus­
trated by COD removals, consisted of at least three distinct processes: 
oxidation, synthesis and storage. This study was conducted at 
temperatures ranging from 2 to 30°C. using a concentration of 1000 mg/1 
mixed liquor suspended solids. One to 20 hours detention was employed.
It was also established from these studies that the 1000 mg/1 of sludge 
stored 716 mg/1 of skim milk COD in 2 hours and that some formation of 
new cells occurred.
Jasewicz and Porges (32) studied the microorganisms present in 
activated sludge units treating dairy wastes. Fifty two isolates which 
acted on milk were made from two streak plates. Of the sixteen species 
that were isolated most grew on casein but only three fermented lactose. 
Bacillus firmus was the only organism that was found capable of 
utilizing both casein and lactose. Most of the starch digestors be­
longed to the genus Bacillus. Protozoa were not predominant. It was 
concluded that the organisms found were representative of those desirable 
in aerobic wastes treatment units.
Thom and Glowacki (33) reported on the study of the effects of 
pH, temperature, solids content and method of aeration on the effective­
ness of the process. Results showed that the process enabled the BOD of 
the effluent to be reduced by 92 percent and more within 24 hours, even 
when the pollution was heavy• It should be noted that this report 
originated in Poland and was only available as an abstract.
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C. CONCLUSIONS
The following conclusions may be drawn from the literature review:
1. The treatment of dairy wastes by aeration methods is well established, 
and the activated sludge process is capable of providing this treatment. 
Modifications of the process are available to meet the demands of widely 
varying treatment requirements .
2. The activated sludge process is capable of withstanding heavy shock 
loads and extended overload conditions in the treatment of dairy wastes.
3. A lack of information was evident in the literature regarding the 
effect- of mixed liquor suspended solids concentration on the operation 
of plants treating dairy wastes.
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III. MATERIALS AND EQUIPMENT
A, MATERIALS
1. Skim Milk Solids.
Dry skim milk solids were the primary constituent of the 
synthetic dairy wastes which were used in these studies. They were ob­
tained locally and were manufactured by the Sanna Dairies, Inc., 
Menomonie, Wisconsin. This powder was kept in a dessicator to prevent 
contamination.
According to the manufacturer (34) an approximate analysis of this
skim milk product was as follows:
F a t --- — -
Protein -- 
Lactose --





Nitrogen was present as:
Casein Nitrogen -----------------
Albumin & Globulin Nitrogen --- --
Proteose-Peptone Nitrogen -------
NonrProtein Nitrogen ---- -------
Total ---------------------------
Phosphorus was present in the following forms:
Soluble Phosphorus --------------  Inorganic salts
Organic esters

















Domestic sewage was used in the preparation of the synthetic waste 
that was employed in the studies and was added at a concentration of 5
20
percent by volume. It was collected at the Hutchinson subdivision in 
Rolla, Missouri. This was found necessary in order to prevent excessive 
dilution of the sewage with infiltrating ground water. Sewage was added 
to provide needed nutrients such as supplemental nitrogen, phosphorus and 
trace metallic elements to the synthetic waste. The average 5-day BOD of 
this sewage was found equal to 350 mg/1.
3. MSM Tap Water.
Missouri School of Mines and Metallurgy tap water was used in the 
preparation of the synthetic waste. A typical analysis of this water was
Total Hardness (CaC0„) ------------  256.0 mg/1
Bicarbonate Alkalinity (CaCO^)----  264.0 mg/1
Carbon Dioxide Acidity (CaC0~)----  25.0 "
Chlorides-------------------------- 0.7 V
I r o n ------------------------------- 0.35 V
Manganese  ------------------------- 0.23 "
5-day B O D -------------------------- 1.6 V
B . EQUIPMENT 
1. Experimental Units.
As a part of these investigations, the development of a bench- 
scale treatment unit was undertaken. The continuous flow type of 
laboratory activated sludge unit was selected because it closely 
simulated the actual plant units and prevented shock dosages of the 
waste (35).
The unit designed by Rosenthal and O'Brien (36) (Figure 1, A) 
was modified by the addition of two 45-degree filler strips (Figure 1,B). 
Of these two strips, one was intended to aid the sludge return from 
under the baffle and the other to improve the mixing of the aeration 
liquor by eliminating a quiescent corner in the aeration chamber.
z/
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The dimensions of the model unit were selected on the basis of the design 
criteria proposed by Fair and Geyer (37, pg. 434) for full scale aeration 
tanks in activated sludge plants. A ratio of width-to-depth of the 
rolling liquid mass equal to 1.5 to 1.0 was used.
A trial bench-scale unit (Figure 2) was constructed with wood and 
glass, featuring the 45-degree filler strips and a movable baffle 
separating the aeration and settling portions. The baffle was not fixed 
in position in order to establish the optimum sludge settling and hydraulic 
roll. A movable curved deflector (just visible in the right side of 
Figure 2) was added to permit adjustment of the hydraulic roll. This 
deflector proved effective and complete mixing of the aeration liquor 
was possible even with low rates of air supply. It was also indicated 
from the studies using the trial unit that a steeper slope of the sludge 
return filler strip, and a lesser slope of the aeration tank filler 
strip would improve the operation. These changes were incorporated in 
the design of the experimental unit.
The experimental continuous flow activated sludge unit (Figures 
3, 4 & 5) was made of plexiglass sheets 1/4 inch thick which were bonded 
together with ethylene chloride. It consisted of four parallel aeration 
and settling sub-units each of which had a capacity of 2 liters.
The overflow weirs used in the sedimentation chambers were made 
of notched aluminum and were similar to those used in full-scale sedi­
mentation units. It should be noted that the effluent had no visible 
effect on the aluminum during the entire period of operation.
Under good operating conditions the clear supernatant in the 
settling chambers extended nearly to the bottom of the baffle, as may 
be seen in Figure 3.
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FIGURE 2
THE TRIAL BENCH SCALE-UNIT
24
FIGURE 3
THE EXPERIMENTAL CONTINUOUS FLOW ACTIVATED SLUDGE UNIT
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THE ARRANGEMENT FOR THE EXPERIMENTAL STUDIES
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2. Feed System.
The continuous flow feed system is shown in Figure 5. It con­
sisted of four calibrated 2% gallon Pyrex bottles which served as feed 
reservoirs. The feed was distributed to each sub-unit through an un­
restricted siphon. Two methods were employed to accurately control the 
feed flow rates to each sub-unit.
A primary control was maintained by restricting the air flow using 
a capillary air inlet tube. A piece of thermometer tubing was used for 
this purpose. A cotton plug was employed to protect the capillary tubes 
from dust or other foreign matter in the air, and to secure an un­
interrupted air flow.
A final control was maintained by regulating the available head 
differential. This was accomplished by adjusting the height of the open 
end of the siphons above each sub-unit.
3. Fill-and-Draw Unit.
The fill-and-draw unit was operated to provide a source of acti­
vated sludge for the studies. It was fed with domestic sewage and was 
aerated for a period of 23 hours daily and permitted to settle for a 
period of one hour. The clear supernatant was siphoned out and replaced 
with feed. The fill-and-draw unit is pictured in Figure 6.
4. Chemical Oxygen Demand Apparatus.
The Chemical Oxygen Demand (COD) apparatus is shown in Figure 7 • 
This apparatus consisted of four friedrichs condensers joined with four 
300 ml earlenmeyer flasks using 24/40 ground glass connectors. Support 
stands, clamps and bunsen burners were also required.
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FIGURE 6
FILL AND DRAW UNIT AND EQUIPMENT FOR THE 




THE CHEMICAL OXYGEN DEMAND APPARATUS
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5 • Biochemical Oxygen Demand Incubator.
The BOD incubator (Figure 8) was equipped with a heating and a 
refrigeration unit and was thermostatically maintained at 20°C. It 
was employed for the incubation of the 300 ml. BOD bottles which were 
used in the 5-day BOD determination.
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FIGURE 8
THE BIOCHEMICAL OXYGEN DEMAND INCUBATOR
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IVo MODE OF STUDY
A, WASTE SYSTEMS
Two basic synthetic dairy wastes systems were used in this in­
vestigation: (a) The 0.05 percent skim milk waste system, and (b) The
0. 1 percent skim milk waste system. These wastes were prepared fresh 
daily in the laboratory and consisted of skim milk solids, sewage and 
aerated tap water. In addition lime was added to provide the desired pH 
value. The skim milk solids were used to simulate a dairy waste and 
contributed the greatest portion of the strength of the waste. Domestic 
sewage was added to provide needed supplemental nutrients and aerated 
tap water was used to add buffering capacity.
1. The 0.05 Percent Skim Milk Waste System.
This synthetic waste consisted of aerated MSM tap water con­
taining 0.05 percent skim milk solids, which was combined with domestic 
sewage added at a quantity to provide a concentration of 5 percent.
The waste had an average BOD of 351 mg/1 and an average COD of 444 mg/1.
It should be noted that the tap water was aerated and permitted to 
settle before use to remove iron which was thought to cause a gelatinous 
floe, interfering with the settling ability of the sludge. Further, that 
lime was added to the waste system to raise the pH to 10. This was found 
necessary to help control the pH of the unit within the range of 7 to 8 
which was best suited for bacterial growth (3, p. 226).
This synthetic waste provided a loading of approximately 44 lb.
BOD per day per 1000 cu. ft. at a detention time of 12 hours. This 
loading corresponds to the upper permissible limit of BOD loadings for
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conventional activated sludge plants which was reported by Sawyer (11) 
to be equal to 35 lb. BOD per day per 1000 cu. ft.
2. The 0.1 Percent Skim Milk Waste System.
The 0.1 percent skim milk waste system was similar in every 
respect to the 0.05 percent waste system, except that a solution of 0.1 
percent skim milk solids in aerated tap water was used and the average 
BOD and COD of this waste was 729 and 1023 mg/1, respectively.
It should be pointed out that this waste applied a BOD loading 
to the unit of approximately 90 lb. BOD per day per 1000 cu. ft. at the 
12 hour detention period, and was used to simulate overload conditions.
B . EXPERIMENTAL CONDITIONS
The conditions under which this investigation was accomplished 
were chosen to simulate, as nearly as possible, the conditions under 
which a continuous flow activated sludge dairy wastes treatment plant 
would function in practice.
The experimental conditions considered were: (a) The mixed 
liquor suspended solids, (b) The unit BOD loadings, (c) The detention 
time, (d) The rate of aeration, and (e) The temperature.
1 • The Mixed Liquor Suspended Solids.
The mixed liquor suspended solids were the primary consideration 
in this investigation. Average concentrations of 500, 1000, 2000 and 
3000 mg/1 were maintained in the four sub-units during the experimental 
studies and represented the quantities of microorganisms available in 
each sub-unit to treat the wastes.
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These mixed liquor suspended solids concentrations were selected 
on the basis of the range commonly reported in practice. Hasfurther and 
Klassen (19) used concentrations of 1360 to 5000 mg/1 suspended solids 
in dairy wastes treatment, and reported that the highest BOD removals 
occurred in the range of 1360 to 1750 mg/1 suspended solids . In 
addition, Gellmann and Heukelekian (39) reported the use of 500 to 4000 
mg/1 suspended solids in the treatment of industrial wastes by the 
activated sludge process.
2 . The Unit BOD Loadings .
The average BOD loading used in the first and second phases of 
this investigation was 43.9 and 91.1 lb. BOD per day per 1000 cu. ft. of 
aeration unit capacity, respectively. These values were computed as 
follows:
Data:
Sub-unit aeration capacity......................  1.75 liters
Detention Time................................. . 12 hours
Waste volume fed daily to each sub-unit......... 3.5 liters
BOD of 0.05 percent skim milk waste............. 351 mg/1
BOD of 0.1 percent skim milk waste..............  729 mg/1
Thus, Phase one BOD loading:
3.5 x 351 mg/1_____ x _______ 1000 cu. ft._______  = 43.9 lb. BOD
454 g/lb. x 1000 mg/g 1.75 1 x 0.03531 cu. ft./l per day per
1000 cu. ft.
and, Phase Two BOD loading:
3.5 x 729 mg/1 x _______ 1000 cu, ft. ____  91.1 lb. BOD
454 g/lb. x 1000 mg/g 1.75 1 x 0.03531 cu. ft./l per day per
1000 cu. ft.
It should be noted that BOD loadings in this range were reported 
by Hasfurther and Klessen (19) who employed an average BOD loading of 
40 lb. BOD per day per 1000 cu. ft. in the operation of a continuous
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flow activated sludge plant treating dairy wastes. However, Horton and 
Trebler (16) , reported that BOD loadings of 8 to 23 lb. BOD per day per 
1000 cu. ft. were applied to complete oxidation activated sludge plants 
treating dairy wastes.
3. The Detention Time.
The detention period used in the investigation was 12 hours, and 
represented the median value of the detention periods used in practice. 
Sawyer (11) reported that the conventional activated sludge process 
operated at a detention time of 4 to 8 hours. Hasfurther and Klassen 
(19) indicated the use of 16 to 23 hour detention periods in the treat­
ment of dairy wastes by the continuous flow activated sludge process, 
and Hauer (15) and Thayer (17) reported that a detention period of 24 to 
36 hours was required for the complete oxidation of dairy wastes by the 
activated sludge process .
4. The Rate of Aeration.
The rate of aeration is a highly variable consideration in the 
operation of the activated sludge process, and depends to a large extent 
on the method of aeration. Diffused aeration was used in these studies 
and the rate of approximately 200 to 400 air bubbles per minute was 
applied through a single 1/4 inch plastic aeration tube. This rate pro­
vided optimum mixing of the solids by the hydraulic roll, and created 
no excessive froth on the top of the mixed liquor.
5 . The Temperature •
This laboratory investigation was conducted at room temperature 
which remained at approximately 21°C. during the studies. This 
temperature represents average atmospheric conditions expected in practice.
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C . PARAMETERS
The primary parameters used in this investigation were the 
chemical oxygen demand and the mixed liquor suspended solids deter­
minations. In addition, the biochemical oxygen demand, the sludge 
volume index and the pH values determinations were employed to support 
the primary parameters in evaluating the experimental data and to help 
maintain optimum conditions of treatment in the experimental unit.
The chemical oxygen demand determination provided an accurate 
and relatively fast method for the determination of the strength of 
the feeds and unit effluents and for the calculation of the efficiency 
of the treatment units. The use of the COD determination in studies 
on dairy wastes has been well established in the literature.
The suspended solids determination was used to measure the 
mixed liquor suspended solids concentrations in the sub-units, and to 
adjust these concentrations to the values selected for this 
investigation.
Finally the biochemical oxygen demand test was employed to 
determine the synthetic waste loadings of the plant; the sludge volume 
index was used to measure the condition of the sludge as affected by 
the rates of aeration and feeding, and the pH determination was em­
ployed to maintain optimum growth conditions in the units.
D. ANALYTICAL DETERMINATIONS
The analytical determinations used in these studies were in 
general conducted according to the procedures set forth in the Standard
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Methods for the Examination of Water and Wastewater (38). Some 
modifications of these procedures were found necessary and these are 
reported in detail.
1. Chemical Oxygen Demand.
The chemical oxygen demand (COD)was determined by means of a wet 
combustion using the oxidizing environment of concentrated sulfuric acid 
and potassium dichromate. The procedure outlined in Standard Methods 
(38) and the modified determination developed by Moore and Walker (40) 
(38) for dilute samples were used in this investigation.
Briefly the procedure was as follows: 25.0 ml of the standard 
potassium dichromate solution and 50.0 ml of the sample or aliquot were 
placed in the 300 ml COD flask, together with a few pieces of fired 
pumice stone. Then, 75 ml of concentrated sulfuric acid was carefully 
added and the mixture was refluxed for a period of 2 hours. The contents 
of the flask were cooled, the condenser was rinsed and the mixture was 
transferred to an erlenmeyer flask. The excess dichromate was measured 
using an appropriate solution of ferrous ammonium sulfate with ferroin 
as the indicator. The sample volume used was selected to give a di­
chromate depletion of about 50 percent. A reagent blank was also used.
The potassium dichromate and ferrous ammonium sulfate solutions 
used in the two procedures employed were 0.250 and 0.0250 normal, 
respectively. The ferrous ammonium sulfate was standardized daily, 
before use, against the corresponding standard potassium dichromate 
solution.
It should be noted that, due to the extreme sensitivity of the 
modified COD determination, the following precautions were observed as
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outlined by Moore and Walker (40): (a) The COD condenser outlets were
protected with glass wool, (b) Acidified distilled water was used to 
prepare the dilutions and rinse the condensers and COD flasks, and (c) 
the tapered-joint seals between the condensers and flasks were wiped 
clean with a damp cloth.
2. Mixed Liquor Suspended Solids.
The mixed liquor suspended solids were determined using the 
following procedure (38): A 25.0 ml sample of the aerating mixed liquor 
was filtered through a preweighed gooch crucible having an asbestos 
filter mat. After drying from 2 to 4 hours at 103°C., the crucible was 
cooled in a desiccator and reweighed. The gain in weight of the crucible 
was used to calculate the concentration of the mixed liquor suspended 
solids present in the sample.
3. Biochemical Oxygen Demand.
The 5-day biochemical oxygen demand (BOD) determination was con­
ducted using the procedure outlined in Standard Methods (38). The 
determinations of dissolved oxygen required for this test were made using 
the Alsterberg (Azide) modification of the Winkler Method (38).
Briefly, the procedure for the BOD determinations was as follows: 
Appropriate sample volumes were pipetted into the BOD bottles and the 
bottles were then filled with seeded, aerated BOD dilution water. Two 
sets of BOD bottles were prepared. Of these sets, one was used to 
determine the initial dissolved oxygen and the other to measure the 
dissolved oxygen remaining at the end of a 5-day incubation period of 
20°C. The observed oxygen depletion was used to compute the 5-day BOD 
of the sample.
4. Sludge Volume Index.
The Mohlman sludge volume index (SVI) (38) was determined by 
measuring the volume of the sludge settled in 30 minutes in a graduated 
cylinder containing 100 ml of mixed liquor from the aeration chambers of 
the sub-units (Figure 6) . t^ie percent settled sludge volume was ob­
served, and divided by the percent mixed liquor suspended solids present 
to determine the sludge volume index.
5 . pH Values .
The pH of the various samples was determined using a Beckman 
Zeromatic pH meter. This instrument was standardized daily at a pH of 
7.0 with a standard buffer solution.
6. Chlorides.
Chlorides were determined by the Mohr method (38) and were part 
of the COD determination. The procedure used consisted of titrating a 
100 ml sample or aliquot whose pH had been adjusted to between 8.0 and 
8.2, with a standardized 0.0141 Normal silver nitrate solution in the 
presence of potassium chromate indicator.
E, LABORATORY PROCEDURE
A fill and draw stock activated sludge unit was first developed 
in a 5 gallon bottle (Figure 6). This sludge was obtained through the 
extended aeration of the sewage and provided the activated sludge needed 
for the experimental unit. It was maintained throughout the studies to 
provide a reserve source of activated sludge.
Appropriate amounts of the stock sludge were transferred to the 
experimental sub-units in the quantities necessary to give the desired
40
suspended solids concentrations of 500, 1000, 2000 and 3000 mg/1. The 
units were filled with tap water to capacity and were put under aeration. 
The flow rates of the feed solutions were adjusted to provide a detention 
period of 12 hours. The activated sludge was acclimatized to the 
synthetic dairy waste in the sub-units.
A number of operations and determinations were performed daily 
to service the units and collect the experimental data. The daily 
routine procedure used in the studies was as follows:
1. Samples were removed from the effluent containers of the four sub­
units and were used to determine the average effluent COD present in 
each. In addition the COD of the feed was measured using a sample which 
had been collected the previous day and kept under refrigeration.
2. The mixed liquor suspended solids concentrations were determined in 
each sub-unit and on the basis of the values found they were adjusted as 
required to maintain the test concentrations investigated. The expected 
sludge growth was considered.
3. The air and feed were shut off and the units were settled for a 
period of approximately one hour. A portion of the clear supernatant 
was wasted and any sludge that might have been carried over to the 
effluent containers was returned to the appropriate sub-unit.
4. The remaining volumes in the feed bottles were recorded and the 
actual average feed flow rates during the preceding day were computed.
5. While the units were settling the synthetic dairy waste was pre­
pared and the feed bottles were cleaned and refilled. The siphons were
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started and the initial flow of the feed was directed to a beaker until 
the rate of flow equalized. The feed flow was returned to the unit, 
the air was turned on, and the feed rates were measured and adjusted as 
needed.
6. The sludge volume index was determined, and the aeration rate was 
adjusted if needed.
7. The pH value of each mixed liquor and effluent was determined and 
recorded.
8. Other determinations were periodically conducted and included the 
BOD and chlorides determination.
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V. EXPERIMENTAL DATA AND RESULTS
Mixed liquor suspended solids concentrations of 500, 1000, 2000, 
and 3000 mg/1 were maintained in sub-units one through four, respectively, 
during the studies. Two major synthetic dairy wastes were used, the 0.05 
percent and the 0.1 percent skim milk waste systems. A detention period 
of 12 hours was employed with all waste systems investigated. Aerobic 
conditions were maintained through the application of diffused air to 
the aeration chambers and the studies were conducted at room temperature. 
The primary parameters used in this investigation were the chemical 
oxygen demand (COD): and mixed liquor suspended solids determinations, 
and the secondary parameters were the biochemical oxygen demand (BOD) the 
sludge volume index and pH determinations.
The results obtained are presented in three groups as follows:
(a) The Preliminary Studies, (b) The 0.05 Percent Skim Milk Waste System 
Studies, and (c) The 0.1 Percent Skim Milk Waste System Studies.
A. THE PRELIMINARY STUDIES
The preliminary studies cover the first 16 days of the investi­
gation. Several synthetic dairy waste systems were used during this 
period and consisted essentially of a 0.05 percent solution of skim milk 
solids in distilled, tap and aerated tap water. In addition, starting 
with the twelfth day sewage was introduced.
The four experimental sub-units were supplied with activated 
sludge from the fill and draw stock unit. This activated sludge was 
developed and fed with domestic sewage and was acclimatized to dairy 
wastes in the units during the preliminary studies.
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The experimental data obtained during this phase of the in­
vestigation is presented in Table I and Figures 9 and 10. The average 
COD value of the various waste systems used in this period was 484 mg/1. 
The average treatment: efficiencies effected by the four sub-units varied 
between 88.6 and 91.3 percent and increased with the mixed liquor 
suspended solids concentration in the units.
The daily sludge growth in the units is shown in Table I . Con­
siderable sludge growth was noted in units one and two which had mixed 
liquor suspended solids at a concentration of 500 and 1000 mg/1, 
respectively.
Bo THE 0.05 PERCENT SKIM MILK WASTE SYSTEM STUDIES
The 0.05 percent skim milk waste system provided an average 
loading of 43.9 lb. BOD per day per 1000 cu. ft. of aeration unit 
capacity and was used to simulate conventional BOD loadings. This waste 
had an average BOD value of 351 mg/1 and an average COD value of 444 
mg/1. The effluent COD values obtained and the corresponding treatment 
efficiencies are listed in Table II and plotted in Figures 9 and 10.
These studies extended for a period of 29 days.
It may be seen from the results obtained that units 2, 3 and 4 
supplied comparable treatment of the dairy waste, but that unit one was 
not as effective. The average effluent COD values and treatment 
efficiencies in the units were: unit one 31.3 mg/1 and 92.9 percent; unit 
two 17.7 mg/1 and 96.0 percent; unit three 16.4 mg/1 and 96.4 percent; 
and unit four 18.1 mg/1 and 95.8 percent. It should be pointed out 
however that during the last 10 days of this phase of the studies unit 
four had the lowest effluent and provided the highest treatment efficiency
of all the units.
TABLE I
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PRELIMINARY STUDIES USING VARIOUS WASTE SYSTEMS 






















5 231 31.9 86.3 39.9 82.2 31.9 86.3 35.9 84.6
6 496 47.9 90.3 35.6 92.9 55.4 88.8 45.5 90.8
7 520 92.6 82.2 59.0 88.7 35 .4 93.1 31.5 94.0
8 520 56.0 89.2 44.0 91.6 46.0 91.2 52.0 90.0
9 491 64.6 86.7 43.8 91.1 51.8 89.4 47.4 90.3
11 510 73.2 85.7 43.5 91.6 57.3 88.8 55.4 89.0
12 520 45.2 91.2 47.2 91.1 43.2 91.8 59.0 88.7
13 548 41.i 92.5 54.8 89.8 52.8 90.4 39.1 92.9
14 503 69.8 85.9 77.5 84.7 38.8 92.2 34.9 93.1
15 469 44.5 90.4 44.5 90.6 60.0 87.3 29.0 93.9
16 513 27.3 94.6 25.3 95.0 39.0 92.3 16.0 96.8
Average 484 54.0 88.6 46.8 89.9 46.5 90.1 40.5 91.3
Bo MIXED LIQUOR SUSPENDED SOLIDS DATA AND DAILY SLUDGE GROWTH
UNIT NO. 1 UNIT NO. 2 UNIT NO. 3 UNIT NO . 4
DAYS MLS S PERCENT MLSS PERCENT MLSS PERCENT MLSS PERCENT
mg/1 GROWTH mg/1 GROWTH mg/1 GROWTH mg/1 GROWTH
3 512 0 1344 0 2256 0 3440 0
4 640 28.0 724 0 1620 0 2728 0
5 732 46.4 828 0 1812 0 2808 0
7 888 77.6 1292 29.2 1288 0 2796 0
±8 564 12.8 1028 2.8 2144 7.2 3424 14.1
11 552 10.4 1132 13.2 1524 0 3224 7.5
13 852 70.4 1032 3.2 1540 0 3364 12.1
15 524 4.8 1108 10.8 2200 10.0 3104 3.5
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TABLE II
EFFLUENT COD DATA AND DEGREE OF TREATMENT






















17 503 25.3 94.9 27.3 94.7 37.0 92.7 21.4 95.8
19 264 28.9 89.0 23.1 91.3 15.4 94.2 25.0 90.6
20 316 7.7 97.6 3.8 98.8 9.6 97.1 13.5 95.8
21 479 7.7 98.5 11.5 97.6 11.5 97.7 7.7 98.5
22 490 29.5 94.0 22,1 95.5 13.5 97.2 41.5 91.7
23 436 35.2 91.9 20.7 95.3 12.8 97.0 40.0 90.8
24 421 39.5 90.5 9.2 97.7 8.8 97.9 39.3 90.6
25 454 51.6 88.7 20.0 95.6 14.6 96.8 18.0 96.2
27 460 53.8 88.2 29.0 93.8 16.6 96.4 15.4 96.4
28 459 57.2 87.7 22.0 95.3 16.3 96.6 17.5 96.3
29 454 54.1 87.7 15.9 96.4 15.5 96.7 24.5 94.7
30 454 55.0 87.8 15.5 96.4 16.7 96.4 20.6 95.5
32 459 50.0 89.1 17.4 96.3 15.7 96.8 18.0 96.3
34 459 46.9 90.0 21.5 95.4 18.4 96.1 19.2 95.9
36 448 26.9 94.1 18.2 95.8 17.2 96.3 14.2 96.7
37 448 26.9 94.1 18.2 95.8 17.2 96.3 14.2 96.7
38 448 27.7 93.8 14.6 96.7 22.1 95.2 12.8 97.3
39 448 27.7 93.8 14.6 96.7 22.1 95.2 12.8 97.3
40 448 21.7 95.2 11.8 97 .4 9.8 97.8 9.8 97.9
41 450 22.2 95.0 11.1 97.4 8.9 98.2 9 U 98.0
42 412 11.7 97.1 18.1 95.6 12.4 97.1 9.3 97.7
43 511 16.2 96.6 18.8 96.3 18.6 96.3 9.2 98.2
44 437 17.5 96.0 16.3 96.2 18.1 95.8 10.2 97.8
45 496 10.9 97.8 24.2 95.2 24.6 95.1 10.9 97.8
Average 444 31.3 92.9 17.7 96,0 16,4 96.4 18.1 95.8
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The mixed liquor suspended solids data is presented in Table III. 
These suspended solids were determined at the end of each run, and in­
cluded the sludge growth that occurred during the run. The appropriate 
suspended solids concentrations were maintained by wasting part of the 
sludge to bring the solids below the required value, thus allowing for 
the expected daily sludge growth. Unit one had the greatest average 
sludge growth of 33.7 percent. Units 2, 3 and 4 had correspondingly 
less growths of 21.7, 7.3 and 5.8 percent.
The sludge volume index values determined are presented in 
Table IV and Figure 11. Although the index value for units one and two 
varied widely, the value for units 3 and 4 remained in the range of 100 
to 300.
The pH of the mixed liquor of the four units was determined daily 
to assure that pH conditions conducive to bacterial growth were 
maintained. These pH values are presented in Table V and varied from 
7.3 to 8.3 in the four units throughout these studies.
C. THE 0.1 PERCENT SKIM MILK WASTE SYSTEM STUDIES
This waste system was employed to study the effect of BOD over­
loading and applied a load of 91.1 lb. BOD per day per 1000 cu. ft. of 
unit aeration capacity. The average BOD and COD values of this waste 
were 729 mg/1 and 1023 mg/1, respectively. The effluent COD values and 
the treatment efficiencies that were obtained using this waste are given 
in Table VI and plotted in Figures 9 and 10.
The average effluent COD values determined were several times 
greater than those produced using the 0.05 percent waste system, and 
ranged from 34.4 mg/1 for unit 4 to 127.3 mg/1 for unit one. Unit 4
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MIXED LIQUOR SUSPENDED SOLIDS DATA AND DAILY SLUDGE GROWTH 
USING THE 0.05 PERCENT SKIM MILK WASTE SYSTEM
UNIT NO, 1 UNIT NO. 2 UNIT NO. 3 UNIT NO. 4
DAYS MLSS PERCENT MLSS PERCENT MLSS PERCENT MLSS PERCENT
mg/1 GROWTH mg/1 GROWTH mg/1 GROWTH mg/1 GROWTH
18 364 0 756 0 1356 0 3296 9.9
20 724 44.8 1200 20.0 1936 0 2684 0
21 880 76.0 1280 28.0 2032 11.6 3040 1.3
22 676 35.2 1630 63.0 2676 0 2968 1.1
24 732 46.4 1028 2.8 2224 11.2 3048 1.6
25 752 50.4 1004 0.4 2728 0 2856 0
26 444 0 1412 41.2 1832 0 3380 12.7
28 348 0 1200 20.0 2260 13.0 3716 23.8
29 572 14.4 1472 47.2 2376 18.8 3024 0.8
31 224 0 1500 50.0 2236 11.6 3386 11.2
32 528 5.6 868 0 1980 0 3672 11.2
33 652 30.4 960 0 2316 15.8 2764 0
34 668 33.6 1292 29.2 2200 10.0 2852 0
35 792 58.4 1232 23.2 1820 0 3196 6.5
36 828 64.6 1152 15.2 2196 9.8 3016 0.5
37 868 73.6 1240 24.0 2432 21.6 3284 9.5
38 744 48.8 1378 37.8 2272 13.6 3280 9.3
39 886 77.2 1208 20.8 2168 8.4 3196 6.5
40 700 40.0 1184 18.4 2228 11.4 3164 5.5
41 588 17.6 1280 28.0 2176 8.8 3056 1*9
42 628 25.6 1200 10.0 1980 0 3312 10.4
43 652 30.4 1260 20.6 2468 19.0 3148 4.7
44 552 10.4 868 0 1972 0 2752 0
45 632 26.4 1220 22.0 2016 0.8 3300 10.0
Average 643 33.7 1201 21.7 2162 7.3 3141 5.8
TABLE IV




DAYS UNIT UNIT UNIT UNIT
UTILIZED NO. 1 NO. 2 NO. 3 NO. 4
25 EH53 W 1275 890 315 171
33 W Eh O CO 231 281 194 217
37 Pi <3 w & S 300 145 115 162
39 P-t , w M Eh m  3  co 769 182 115 13841 1565 650 110 128
42 1430 558 96 103
43 s i  .EH CO
1383 675 101 114
44 1795 1010 116 94
45 1572 770 238 230
Average 11466 573 155 151
46 1190 590 118 232
47 eh w 2042 990 128 325
48 a eh8 3 *B! 3  0
1408 846 361 268
49 1632 810 353 296
50 W EH P4 W  CO
^  a  wo











53 . S H H 1243 662 324 319
54 H co 1940 572 350 346
55 1530 615 360 311
56 1580 700 410 308
Average 1558 698 315 302
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AERATION LIQUOR pH DATA
TABLE V
WASTE MIXED LIQUOR pH VALUES
DAYS SYSTEM UNIT UNIT UNIT UNIT
UTILIZED NO. 1 NO. 2 NO. 3 NO. 4
!sO10 wp-i 8.2 8.1 8.1 7.2
11 3 § 8.0 8.0 7.9 7.512 y s 7.7 8.1 8.0 8.013 JS’ PH 7.7 7.7 7.9 8.0
14 i-i 8.0 7.9 7 .7 7.5
15 oo 7.6 7.4 6.9 6.816 <J 7.4 7.4 7 .5 7.7
17 8.1 8.1 8.1 8.1
18 8.3 8.0 7.7 7.8
19 7.7 7.6 7 .6 7.6
20 7.6 7.6 7 .6 7.6
21 7.6 7.6 7 .6 7.6
22 7.6 7.7 7.8 7.6
23 a 8.2 8.2 7.9 7.8
24 U s 7.6 7.6 7.3 7 .325 CO w E-4 7.5 7.5 7 .3 7 .4
26 H co >-« 7.6 7.6 7 .6 7.627 W COo 7.9 7.7 7 .6 7.528 Pfi! W W H 7.6 7.6 7.6 7.629 * 3 7.8 7.7 7.6 7 .6













35 7.8 7.5 7.5 7 .4
38 7.8 7.8 7.8 7.7
41 7.5 7.6 7 .6 7.6
42 7.8 7.7 7.6 7 .7
43 7.6 7.6 7 .6 7.6
44 7.5 7.5 7 .3 7.3
45 7.5 7.4 7.8 7.5










SY! 7.6 7.7 7.7 7.7
49 7.7 7.6 7.8 7.6
51 JS H 
O  CO U
7.8 7.8 7.7 7.7
53 7.9 7.8 7.8 7.9
56 8.1 7.9 7 .9 7.9
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TABLE VI
EFFLUENT COD DATA AND DEGREE OF TREATMENT 






















46 1074 66.6 93.9 54.8 94.8 29.8 97.3 19.2 98.1
47 990 104.0 89.5 63.1 93.7 74.3 92.5 14.8 98.6
48 955 104.8 89.0 62.2 93.5 69.2 92.8 8 ;3 99.1
49 947 132.1 86.0 77.8 91.7 72.2 92.4 21.0 97.8
50 1000 84.6 91.5 76.8 92.3 63.5 93.6 28.1 97.2
51 989 112.8 88.6 87.5 91.3 77.8 92.2 37.0 96.3
52 981 99.4 89.9 95.5 90.4 81.6 91.5 40.3 96.1
53 1083 159.6 85.2 140.7 90.1 71.4 93.6 43.6 95.9
54 1097 164.0 85.2 160.0 85.6 97.5 91.2 62.2 94.4
55 1060 168.0 84.1 147.0 86.2 96.7 90.8 43.5 95.8
56 1075 205.0 81.0 124.0 . 88.5 112.0 89.6 60.0 94.4
Average 1023 127.3 87.6 99.0 90.7 76.9 92.5 34.4 96.7
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produced an average treatment efficiency of 96.7 percent, which was com­
parable to that observed in the same unit when the 0.05 percent skim milk 
waste system was used. Lower efficiencies were measured in the other 
three units, averaging between 87.6 and 92.5 percent. It should be 
pointed out however that a constant decrease in efficiency was generally 
noted in all four units during the 11 day period of these studies.
The mixed liquor suspended solids determined during the 0.1 per­
cent skim milk wastes system studies are presented in Table VII. The 
rate of sludge growth that occurred in each of the units was greater than 
that observed in the 0.05 percent skim milk waste system studies. Unit 
one was found to have the greatest sludge growth (47.9 percent) and 
unit 4 the least (9.7 percent) under the BOD overload conditions 
investigated.
The sludge volume index values, presented in Table IV and Figure 
11, generally increased when the 0.1 percent skim milk waste system was 
used. Units one and two had exceptionally high sludge volume index 
values but the values for units 3 and 4 remained in the range 300 to 400. 
The mixed liquor pH values (Table V) observed in this phase of the 
investigation were in the range of 7.4 to 8.1.
Finally, _it should be mentioned that chlorides were not determined 
for COD corrections during the 0.05 percent skim milk waste system 
studies. They were however measured during the 0.1 percent studies and 
the results obtained are presented in Table VIII to permit a comparison 
of the treatment efficiencies resulting with or without the chloride 
correction. It may be seen from Table VIII that the corrected values were 
only slightly higher than those found without the chloride correction. 
Therefore the COD values previously presented in Table VI have not been 
adjusted for chlorides.
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MIXED LIQUOR SUSPENDED SOLIDS DATA AND DAILY SLUDGE GROWTH
TABLE VII
USING THE 0.1 PERCENT SKIM MILK WASTE SYSTEM
UNIT NO. 1 UNIT NO. 2 UNIT NO. 3 UNIT NO. 4
DAYS MLSS PERCENT MLSS PERCENT MLSS PERCENT MLSS PERCENT
mg/1 GROWTH mg/1 GROWTH mg/1 GROWTH mg/1 GROWTH
46 820 64.0 1420 42.0 2460 23.0 3272 9.1
47 484 21.0 960 20.0 1944 8.0 2616 0
48 696 43.9 1132 17.9 2084 7.2 3620 37.6
49 600 41.2 1156 28.5 2068 5.2 3112 7.3
50 492 9.3 1372 52.5 2308 18.4 2806 0
51 656 31.8 1356 59.5 2484 30.8 2932 4.5
52 832 96.0 1420 57.8 2780 46.4 3596 22.6
53 804 101.0 1376 61.9 2232 20.6 3072 7.8
54 504 44.0 1432 68.4 2320 22.1 2831 0
55 648 28.6 1380 53.4 2244 18.1 3120 10.2
56 620 45.8 1304 53.4 2272 19.6 3184 7.9













EFFECT OF CHLORIDE CORRECTION IN DETERMINING DEGREE OF
TABLE VIII
TREATMENT USING THE 0-1 PERCENT SKIM MILK WASTE SYSTEM
PERCENT CHEMICAL OXYGEN DEMAND REMOVAL
UNIT NO . 1 UNIT NO. 2 UNIT NO. 3 UNIT NO. 4
NOT CHLORIDE NOT CHLORIDE NOT CHLORIDE NOT CHLORIDE
CORRECTED CORRECTED CORRECTED CORRECTED CORRECTED CORRECTED CORRECTED CORRECTED
93.9 94.2 94.8 95.4 97.3 97.8 98.1 98.4
89.5 89.7 93.7 93.9 92.5 92.7 98.6 98.8
89.0 89.1 93.5 93.7 92.8 92.9 99.1 99.4
86.0 86.2 91.7 92.0 92.4 92.6 97.8 98.1
91.5 91.8 92.3 92.5 93.6 93.8 97.2 97.3
88.6 88.9 91.3 91.4 92.2 92.3 96.3 96.6
89.9 90.2 90.4 90.6 • 91.5 92.0 96.1 96.2
85.2 85.5 90.1 90.3 93.6 93.8 95.9 96.2
85.2 85.4 85.6 85.8 91.2 91.1 94.4 94.5
84.1 84.5 86.2 86.5 90.8 91.2 95.8 96.3
81.0 81.4 88.5 88.9 89.6 90.0 94.4 95.1
87.6 87.9 90.7 91.0 92.5 92.7 96.7 97.0
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VIo DISCUSSION OF RESULTS
It may be seen from the results obtained that the concentration 
of the mixed liquor suspended solids had a definite effect on the treat­
ment of dairy wastes by the activated sludge process .
The studies were conducted using a specially developed continuous 
flow activated sludge unit consisting of four sub-units arranged in 
parallel. This unit was selected to simulate actual plant practice and 
to prevent addition of shock dosages of the wastes .
A. SYNTHETIC WASTES USED
Several waste systems were used in the preliminary studies in 
order to develop an appropriate synthetic waste for the investigations. 
First, distilled water was employed in the preparation of the waste but 
it was soon found that low pH values in the range of 5.6 to 6.1 resulted 
in the mixed liquors. Although a good treatment efficiency was 
maintained, it was difficult to separate the activated sludge from the 
effluent. The use of tap water was then started to provide buffering 
capacity and also metallic elements required by the microorganisms for 
their metabolism. The need for the presence of alkalinity has been pointed 
out by O'Brien and Rosenthal (41) who investigated the relationships of 
pH and alkalinity in small activated sludge systems. They concluded that 
the alkalinity present in the water carrying the sewage provided the 
needed pH buffering effect.
It should be noted that even with the use of tap water the sludge 
produced settled with difficulty. Aeration of the tap water was begun 
to remove the iron present because it was thought that it was responsible 
for the gelantinous floe observed in the units.
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At the same time sewage was added to the synthetic dairy waste. 
The amount of sewage used was 5 percent and it was considered to be 
representative of the quantities of sanitary sewage that can be expected 
in dairy wastes.. The domestic sewage added provided additional 
nitrogen, especially ammonia nitrogen, and phosphorus. It has been re­
ported in the literature (7) that the addition of domestic sewage is 
beneficial when the activated sludge treatment process is employed.
McKinney (3, pg. 225) has reported that a partially nitrogen- 
deficient waste will stimulate the growth of fungi in an activated 
sludge unit because fungi form protoplasm with a nitrogen content lower 
than that present in bacterial protoplasm. ..This may be seen from the 
following approximate emperical formulas for the two types of micro­
organisms (3, pg. 112):
Bacteria: C^-H^C^N Nitrogen Content = 12.4 percent 
Fungi : c ioH17^6N Nitrogen Content = 5.9 percent 
Since fungi are filamentous, when found in predominating numbers they 
will result in an activated sludge with poor settling qualities.
McKinney (3, pg. 226) also noted that fungi will begin competing with 
bacteria at a pH below 6.5 and will predominate at the pH of 4.5.
Lime was also added to the synthetic waste to provide a pH of 10 
in the feed. This high pH value minimized any activity of the micro­
organisms present in the sewage while the waste remained in the feed 
reservoirs, and provided additional alkalinity which helped maintain 
mixed liquor pH values in the range of 7.2 to 8.3. This was within the 
pH range of 6.5 to 9.0 which is recommended for activated sludge plants 
(3, pg. 226).
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Sawyer (43, pg. 17) reported that the optimum 5-day BOD to nitro­
gen and phosphorus ratios are 17 to 1 and 90 to 1, respectively, and 
the minimum required ratios are 32 to 1 and 150 to 1. In addition 
Jasewicz and Porges (7), in their studies on dairy waste treatment by 
the activated sludge method, added ammonium sulfate to provide a COD to 
nitrogen ratio of 17 to 1, not including the nitrogen content of the 
waste and the sludge. Considering the 36.5 percent protein content of 
the skim milk solids used in the studies of which 16 percent was nitrogen 
(44, pg. Ill), a BOD to nitrogen ratio of approximately 13 to 1 was 
present in both the synthetic waste systems investigated. It should 
be noted however, that according to Sawyer.(43, pg. 16), only the 
nitrogen which is present as ammonium ion can be counted upon to be 100 
percent available. Although the available nitrogen from various organic 
sources is in the 30 to 70 percent range, depending upon the source, the 
temperature and other variables, Sawyer recommended that for estimating 
purposes a value of 50 percent should be used. Therefore, the BOD to 
nitrogen ratio in the synthetic dairy wastes used was satisfactory. The 
domestic sewage added to the wastes provided additional nitrogen which 
was in a form that could be considered 100 percent available.
The phosphorus content of the skim milk solids was one percent, 
and provided a BOD to phosphorus ratio of approximately 74 to 1, which 
is well within the recommended values.
Therefore, it may be concluded that both the synthetic waste 
systems used in these studies provided the necessary nutrients and 
minerals for the microorganisms in the activated sludge.
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B. THE 0.05 PERCENT SKIM MILK WASTE SYSTEM STUDIES
This system applied a loading of 43.9 lb. BOD per day per 1000 
cu. ft. of aeration capacity when a detention time of 12 hours was used. 
The findings of these studies are summarized in Figure 12, in which per­
cent COD removals and effluent COD values are presented.
It may be seen from this bar-graph that units 2, 3 and 4 provided 
equivalent waste treatment with average efficiencies ranging between 
95.8 and 96.4 percent. However unit one, which had the lowest suspended 
solids concentration of 500 mg/1, resulted in only 92.9 percent average 
waste treatment. The effluents produced from units 2, 3 and 4 were of 
approximately equal strength and had average COD values ranging from 
16.4 to 18.1 mg/1. Unit one produced an average effluent of 31.3 mg/1 
which was nearly twice as strong as the effluents from the other units.
In all the units, no effluent COD values greater than 57 mg/1 were 
found and, with the exception of unit one, the majority of these values 
were below 20 mg/1. The effluent from unit one had, for the most part, 
COD values in the range of 20 to 40 mg/1.
Activated sludge plants treating domestic sewage are normally 
expected to have BOD removals of about 90 percent and to produce 
effluents with BOD values between 8 and 18 mg/1, depending in part, on 
the strength of the sewage (45, pg. 527). Biochemical oxygen demand 
removals for activated sludge plants treating dairy wastes have been re­
ported (15) (17} (19) (21) to be in the range of 85 to 97 percent and 
depend primarily on the BOD loading, the detention time and the mixed 
liquor suspended solids concentration. It is reasonable to consider that 
these percent BOD removals would also apply to COD removals in the treat­
ment of dairy wastes. Therefore, the treatment efficiencies obtained
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in these studies compared favorably with the reported values from plant 
practice.
The sludge volume index values observed provided interesting 
information on the condition of the sludge, and reflected the ability 
of the sludge to effectively treat the BOD loading applied. In general 
the sludge volume index values determined in units one and two were high 
and indicated overloaded conditions, but those in units 3 and 4 remained 
low. High sludge volume index values are generally associated with a 
sludge that has poor settling ability and indicate either a lack of 
sufficient air or an overloading of the sludge. It should be noted that 
the dissolved oxygen in the unit effluents was periodically determined 
to assure sufficient aeration rates and it was found to be at or above 
4 mg/1. This value is well above the recommended minimum dissolved 
oxygen residual of 0.5 mg/1 which must be present at all times in an 
activated sludge system (3, pg. 221) . During this phase of the in­
vestigation the sludge normally settled well in the settling chamber of 
the units and permitted a clear effluent.
The daily sludge growth in the units, which was presented in 
Table III (pg. 49), permitted an evaluation of the assimilation of the 
synthetic dairy waste by the activated sludge. The average sludge 
growth was high in unit one, less in unit two and much less in units 3 
and 4. Thus, the rate of sludge growth was inversely proportional to 
the mixed liquor suspended solids concentrations in the units.
It is believed that in unit one a major portion of the organic 
matter in the dairy waste was used to produce new cells. This was less 
pronounced in unit two which had an average suspended solids
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concentration of 1000 mg/1, or twice the concentration of unit one. 
Finally, units 3 and 4 produced only small amounts of new activated 
sludge because of the high energy requirements needed to sustain the 
large microbial populations of 2000 and 3000 mg/1.
It may be mentioned that as it was reported in the literature re­
view Hoover and Porges (26) (27) investigated the assimilation of dairy 
wastes by activated sludge and concluded that 45 to 60 percent of the 
organic nutrients were assimilated into cell substance and 40 to 50 per­
cent were completely oxidized to carbon dioxide and water. McKinney 
(3, pg. 98) has shown that during the treatment of wastes the substrate 
is either converted into cellular protoplasm to form new activated 
sludge cells or is degraded into end products with a release of energy 
which is required for cell metabolism and other cell functions.
The excess sludge produced in an activated sludge treatment plant 
must be disposed of, usually by means of anaerobic digestion, and the 
amount of excess sludge produced determines the capacity of the required 
digester. Since the units with the higher suspended solids (units 3 
and 4) had low sludge growths, they provided an advantage over the other 
two units in addition to effecting better waste treatment.
C. THE 0.1 PERCENT SKIM MILK WASTE SYSTEM STUDIES
This phase of the investigation was undertaken to study the effect 
of the mixed liquor suspended solids concentration on the efficiency and 
operation of the activated sludge process under conditions of over­
loading with organic matter. The synthetic waste used applied a BOD 
load of 91.1 lb. BOD per day per 1000 cu. ft. of aeration capacity, 
which was three times stronger than the conventional activated sludge 
BOD loading.
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The effect of the concentration of suspended solids was evi­
dent in these studies, as may be seen from Figure 13 which summarizes 
the percent COD removals and the effluent COD values obtained in the 
four units employed. Unit four had an average effluent COD value of 
34.4 mg/1 which was approximately twice the value obtained using the
0.05 percent skim milk waste system. The average effluents from units 
3, 2 and one were approximately 100, 200 and 300 percent greater than 
that from unit 4. This is in contrast to the findings using the 0.05 
percent waste system which indicated that units 2, 3 and 4 had 
essentially the same average effluent COD values.
The effect of the suspended solids concentration was further 
emphasized by the percent COD removals obtained. The treatment effi­
ciency varied from 96.7 percent in unit 4 to 87.6 percent in unit one, 
a difference of 9.1 percent. The difference for these same units under 
the conventional BOD loading studies was only 2.9 percent. It should 
be noted, however, that all four units provided efficiencies in the 
range that has been reported in the literature for activated sludge 
plant operation.
The sludge volume index proved again useful in analyzing the 
operation of the units. Units one and two were grossly overloaded as 
indicated by the sludge volume index values determined, which were in 
the range of 600 to 2000 (Table IV, pg. 50). On the other hand, units 
3 and 4 had index values ranging from 300 to 400. Difficulty was 
experienced with the settling of the sludge in all four units and this 
is contrary to the settleability of the sludge observed in the 0.05 per­
cent waste system studies.
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The previously proposed method of sludge assimilation was further 
substantiated in these studies. Under the heavy loadings units one and 
two had high synthesis of new cell material as indicated by the daily 
sludge growth of approximately 50 percent in both units. Unit 4, and 
to a lesser extent unit 3, maintained low sludge growth rates indicating 
high degradation of the organic matter to provide the energy required 
by the activated sludge cells.
In conclusion, it may be noted that under the extended higher 
BOD loading conditions, all the units had effluents that may be con­
sidered greater than desirable and that this is particularly true of 
units one, two and three. Unit 4 with a suspended solids concentration 
of 3000 mg/1 provided an effluent that was only slightly higher than 
usual, and in addition maintained a treatment efficiency of above 95 
percent. These studies proved very valuable in ascertaining the effect 
of the mixed liquor suspended solids concentration upon the operation 




On the basis of the findings of this investigation the following 
conclusions may be drawn:
1. The mixed liquor suspended solids significantly affected the treat­
ment of synthetic dairy wastes by the activated sludge process, 
especially under conditions of plant overloading. When higher suspended 
solids concentrations were employed, the treatment efficiency increased 
and the operation improved.
2. The two synthetic wastes used provided an appropriate means of 
simulating dairy wastes. Under the 12 hour detention period employed in 
the studies, the 0.05 percent skim milk waste system provided a loading 
of 43.9 lb. BOD per day per 1000 cu. ft., approximating BOD loadings of 
conventional activated sludge plants. The 0.1 percent skim milk waste 
system provided a loading of 91.1 lb. BOD per day per 1000 cu. ft., 
simulating overloaded plant conditions .
3. The experimental continuous flow activated sludge laboratory unit, 
which was specially developed for these studies, effectively simulated 
plant operation.
4. ' Mixed liquor suspended solids concentrations in the range of 1000 to 
3000 mg/1 resulted in nearly equivalent treatment of the 0.05 percent 
skim milk waste system, and provided an average COD removal of 96 per­
cent. The 500 mg/1 suspended solids were not as effective and resulted 
in a 93 percent COD removal.
5. When the 0.1 percent wastes system was treated the 3000 mg/1 solids 
maintained a treatment efficiency of over 96 percent. Lower efficiencies 
in the range of 87.6 to 92.5 percent were determined in the other units.
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6. The operation of all units was considerably impaired when the 
higher loadings were applied. This was indicated by the sludge volume 
index values determined and the settling quality of the sludge. This 
effect was more pronounced in the units that had solids concentrations 
of 1000 mg/1 or less.
7. The sludge growth was low in the units having 2000 and 3000 mg/1 
suspended solids, and was extensive in those with 500 and 1000 mg/1 
solids. In all units, higher sludge growths occurred with higher BOD 
loadings.
8.. On the basis of the findings of this study, it is recommended that 
mixed liquor suspended solids concentrations of 2000 mg/1 or above be 
maintained in the aeration chambers of activated sludge plants treating 
dairy wastes. These higher concentrations will provide a better plant 
effluent, higher treatment efficiencies and will enable the plant to 
operate successfully under overload conditions.
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